Background. In non-alcoholic fatty liver disease (NALFD), it has often been assumed that an elevation in serum ferritin is likely related to inflammation rather than iron overload. Material and methods. Patients referred with NAFLD were entered into a clinical study of phlebotomy therapy. A liver biopsy with liver iron concentration was done at entry and 6 months after phlebotomy (n = 56) until the patient had a low serum ferritin or developed anemia. Serum ferritin was compared to liver iron concentration, ESR, CRP, BMI and grade of inflammation on liver biopsy. Results. Iron removed by phlebotomy in NAFLD correlated with the decrease in serum ferritin (r = 0.57, p = 0.0014) and liver iron concentration (r = 0.57, p = 0.0013). There was no significant correlations between serum ferritin and ESR, CRP or grade of liver inflammation. Conclusions. Serum ferritin is related to liver iron storage in NAFLD and decreasing body iron stores by phlebotomy is reflected by an appropriate decrease in serum ferritin. Inflammation is not the cause of the elevated serum ferritin in fatty liver disease.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most common form of liver disease in the western world. It is the hepatic manifestation of the metabolic syndrome and is strongly tied to features of this disorder. Hyperferritinemia is a common finding in patients with NAFLD. 1 Since hepatic iron overload is uncommon in this condition, it has been assumed that hyperferritinemia in NAFLD is likely related to inflammation rather than iron overload.
Our center has conducted the first prospective trial of phlebotomy therapy for NAFLD with paired liver biopsies. 2 This allowed for the correlation of serum ferritin with liver iron concentration before and after treatment. As a component of our study of iron depletion as a therapy for NAFLD we sought to determine whether hyperferritinemia is related to liver iron concentration and whether the decline in serum ferritin from phlebotomy correlated with a decline in liver iron concentration (LIC). Serum and hepatic markers of inflammation were studied in relationship to serum ferritin before and after phlebotomy.
MATERIAL AND METHODS
Informed consent was obtained from each patient included in the study and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee. This study was approved by the Health Sciences Research Ethics Board of the University of Western Ontario.
Patients referred with biopsy proven NAFLD were entered into this clinical trial of iron reduction therapy. 2 Serum ferritin was measured and a liver biopsy with LIC measurement was done at entry and 6 months after the last phlebotomy. Weekly 500 mL phlebotomy sessions were conducted until a serum ferritin of ≤ 50 ug/L or hemoglobin of 100 g/L was reached. The decline in serum ferritin was compared to the decline in LIC. Lobular inflammation pre and post treatment was measured by a single blinded pathologist using the inflammation scale which has been validated as a component of the nonalcoholic fatty liver disease activity score (0-3,NAS). Serum C-reactive protein (CRP, mg/L), erythrocyte sedimentation rate (ESR, mm/h) and body mass index (BMI, kg/m 2 ) were measured before and after phlebotomy therapy. Correlations were analyzed with Pearson's correlation coefficient and differences between serum ferritin in and grades of liver inflammation by Kruskal-Wallis test.
RESULTS
There were 28 NAFLD patients (18 men, 10 women) with complete data including 56 liver biopsies. Pre and post phlebotomy data are shown in table 1.
Patients had a mean of 1.5 g of iron removed (6 phlebotomies) with a range from 0.5 g to 4.75 g. 
CONCLUSIONS
Serum ferritin is commonly elevated in a variety of liver diseases including NAFLD. Since ferritin is an acute phase reactant it has been assumed that the ferritin elevation is secondary to the inflammation of steatohepatitis. The ferritin elevation in inflammation can be related to the leakage of hepatocyte ferritin from damaged cells, but also there is a glycosylated ferritin that is secreted by macrophages. In cases of extreme hyperferritinemia not associated with iron overload, such as histiocytosis, the glycosylated fraction of ferritin is usually low. Iso-ferritin analysis have determined H and L subunits of ferritin but this has not become a clinically useful assay. The degree of iron loading of the ferritin has also been studied to try to elucidate a method for determination of an inflammatory ferritin response from a patient with iron overload. 3 In a previous study of NAFLD, there were no differences in mean serum ferritin between patients with simple steatosis, steatohepatitis, or cirrhosis. 4 Our observations suggest that serum ferritin in NAFLD is correlated with liver iron storage even when the liver iron concentration is within the reference range, and that reducing body iron stores by phlebotomy is reflected by an appropriate decrease in serum ferritin. Although the patient is often relieved by the normalization of the serum ferritin by phlebotomy, the clinical benefits of reducing liver iron from a normal concentration to a low normal concentration to normalize the serum ferritin are not readily apparent. It is possible that phlebotomy has an anti-inflammatory effect but this was not demonstrated by a decrease in lobular inflammation score. Serum CRP and ESR are indirect measures which did not correlate with serum ferritin in this study. These tests are often used by clinicians to help in the assessment of the cause of an elevated serum ferritin. Although serum ferritin is often elevated in fatty liver disease, we could not show a significant correlation between body mass index and serum ferritin.
The ratio of serum ferritin to liver iron concentration was higher in NAFLD patients than previously reported in genetic hemochromatosis. 5 This has often led to an inappropriate diagnosis of iron overload in NAFLD. The reasons why a similar level of liver iron concentration would result in a higher serum ferritin in NAFLD compared to hemochromatosis remains elusive. The control of serum ferritin may be a complicated balance of production, secretion and re-uptake by the hepatic ferritin receptor. 6 Leakage from cells may also be contributory although this would not likely be decreased by phlebotomy therapy.
In summary, we believe that the use of paired biopsies and phlebotomy therapy for NAFLD has provided us a unique opportunity to demonstrate that inflammation is unlikely to be cause of the elevated serum ferritin and NAFLD and there is a relationship between iron removed by phlebotomy and the decrease in serum ferritin. These observations are consistent with the clinical observations when a persistent patient becomes a voluntary blood donor to normalize the serum ferritin.
The physician may have thought it was unlikely to effect the ferritin since it may be related to inflammation, however in most cases the serum ferritin does decrease.
ABBREVIATIONS
• CRP: C reactive protein.
• LIC: liver iron concentration.
• NAFLD: non-alcoholic fatty liver disease.
• NAS: non-alcoholic fatty liver disease activity score.
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